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METHOD AND APPARATUS FOR RECEIVING RADIO FREQUENCY SIGNALS 

BACKGROUND 

5 The present invention relates to a methods and apparatus for receiving radio frequency 

signals. More particularly, it relates to a method and apparatus for converting a radio frequency 
signal to a signal with a predetermined frequency without affecting its phase or amplitude 
measurement. 

Transmission of a radio frequency signal usually requires multiple frequency conversion 
10 steps. For example, a low frequency signal is generally converted to a high frequency signal 
before it is transmitted by various means. After it is received, this converted high frequency 
signal is then down-converted to a signal of a same or similar low frequency for further 
processing. This approach is widely practiced in many areas, particularly in the area of 
telecommunication. 

15 A radio frequency signal is a complex signal composed of several important parameters, 

including phase, amplitude, and frequency. One key aspect of the signal transmission process is 
how to preserve information concerning a signal's phase and amplitude. This is especially 
important when such a signal is being converted to another frequency. Over the past years, 
extensive research efforts have been made to minimize impact on a radio frequency signal's 

20 phase and amplitude information during the frequency conversion process. 

There are a number of prior art approaches on how to preserve a radio frequency signal's 
phase and amplitude information while converting its frequency. Most prior art approaches 
employ one or multiple offset signals separately generated. These offset signals are then 
combined with test signals to provide signals at another frequency. 

25 One example of these prior art approaches is a microwave receiver, herein briefly 

described in FIG. 1. It is generally used for the measurement of radar cross section. This 
microwave receiver employs a three-level frequency conversion process. It first comprises a 
local oscillator or similar devices which generate an offset signal. The combination of this offset 
signal with either a test signal or a reference signal gives rise to signals at a frequency of 2 GHz. 
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These 2 GHz signals are then similarly converted to intermediate frequency signals at 45 MHz, 
which are further downconverted to a low frequency at 5.02 KHz for processing. 

Another example is a network analyzer, herein briefly described in FIG. 2. It also uses 
local oscillators to generate offset signals. These offset signals are first combined with either a 
5 test signal or its reference signal to provide signals of an intermediate frequency at 20 - 27.8 
MHz. These intermediate frequency signals are then converted to signals at a frequency of 278 
KHz before being further processed. 

In order to preserve information regarding a test signal's phase and amplitude, most prior 
art approaches attempt to convert a test signal, as well as its reference signal, to a precise 
1 0 frequency or a very narrow frequency range. But one problem is that most test signals, as well as 
their reference signals, are relatively unstable. In other words, their frequencies may be 
constantly fluctuating. This may be due to various reasons, such as limitation of signal sources 
or instability of power voltage. 

To solve this problem, many prior art approaches employ a device called phase-locked 
1 5 loop (PLL), as shown in FIG. 1. One primary function of a PLL, as well as other similar devices, 
such as digital frequency synthesizers, is to provide a converted signal that maintains a constant 
phase angle relative to a reference signal just like the original, unconverted signal. The 
underlying mechanism is to control the offset signal's frequency so that it is constantly adjusted 
according to variations of a test signal's frequency. In this way, a test signal, as well as its 
20 reference signal, may be converted to a particular frequency or a narrow frequency range without 
affecting measurements of its phase and amplitude. Other approaches, as shown in FIG. 2, also 
employ devices, such as pass band filter, to facilitate this process so that only signals within a 
narrow frequency range may pass through. 

The use of these devices, however, gives rise to several problems. First of all, because of 
25 their reliance on these devices, most prior art approaches either are incapable of handling signals 
with a wide frequency range, or they lack sensitivity, dynamic range or frequency agility 
generally required for measuring a radio frequency signal with precision. Meanwhile, the use of 
these devices inevitably increases systematic errors which may eventually affect the accuracy of 
measurements. Finally, most of these devices are complicated and expensive. 

30 

SUMMARY OF THE INVENTION 
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The present invention relates to a method and apparatus for receiving or converting a 
radio frequency signal. In particular, the present invention relates to a method and apparatus 
using an electronic circuit to combine a radio frequency signal, also known as a test signal, its 

5 reference signal and a third signal which has its predetermined frequency. The combination of 
these three signals gives rise to a new signal. The new signal has a frequency that is solely 
responsive to the predetermined frequency of the third signal. It also has phase information that 
is responsive to that of the test signal. In addition, the new signal may also have amplitude 
information that is responsive to that of the test signal. 

1 0 Briefly described here, one embodiment of the present invention may involve the use of 

an electronic circuit that receives or processes a test signal and its reference signal, both of which 
have a frequency of Fl. It further includes a signal source, such as a crystal-stabilized oscillator, 
that generates a third signal with a predetermined frequency of F2. Using a multiplier, the test 
signal and the third signal are combined to provide an output signal (F1+F2/F1-F2). 

15 Meanwhile, the reference signal is divided into two branches. One branch of the 

reference signal undergoes a 90 degree phase shift and is then transmitted to a second multiplier. 
The other branch of the reference signal is directly transmitted to a third multiplier. The second 
and third multipliers respectively combine the output signal (F1+F2/F1-F2) from the first 
multiplier to either the phase-shifted reference signal or the reference signal without being phase 

20 shifted. They in turn provide two separate output signals, both of which have the predetermined 
frequency of F2. One of these two output signals further undergoes a 90 degree phase shift. 
Then, upon adjusting their amplitudes, these two output signals are added together in an adder or 
similar devices to provide a new signal. The new signal has a frequency of F2 which is solely 
responsive to the predetermined frequency of the third signal and it has phase and amplitude 

25 information that is responsive to that of the test signal. 

Implementations may include one or more of the following advantages. The present 
invention may convert a radio frequency signal to a different frequency without affecting its 
phase and amplitude measurements and is particularly useful in converting a radio frequency 
signal of high frequencies, including a milliwave signal, to a low frequency signal. As a result, 

30 the present invention may be applied in the areas of radio cross section measurement, network 
analysis, electronic equipment test, as well as other radio frequency signal communications. 
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In addition, this present invention provides a simple and inexpensive approaches for 
accurately converting radio frequency signals to a predetermined frequency without the necessity 
of PLLs and other complicated devices. This is particularly useful in the area of 
telecommunications . 

5 Finally, the present invention also provides an improved method of receiving radio 

frequency signals by consuming less power. This is particularly useful in the area of wireless 
communications. 

BRIEF DESCRIPTION OF THE DRAWING FIGURES 

10 

FIG. 1 is a block diagram of a prior art example which is a microwave receiver, showing 
its basic components and mechanism. 

FIG. 2 is a block diagram of a second prior art example, which is a network analyzer, 
showing its basic components and mechanism. 
15 FIG. 3 is a block diagram of one embodiment of the present invention, including a signal 

input unit, a frequency converting unit, a modulating/demodulating unit, and a signal processing 
unit. 

FIG. 4 is a block diagram of the frequency converting unit shown generally in FIG. 3, 
including components used in one embodiment of the present invention. 
20 FIG. 5 is a block diagram of an Automate Gaining Circuit which may be employed in 

some embodiments of the present invention. 

FIG. 6 is a block diagram of the Modulating/Demodulating unit shown generally in FIG 
3, including basic components used in one embodiment of the present invention. 

25 DETAILED DESCRIPTION OF THE DRAWING FIGURES 

Referring now to the drawings, like numerals indicate like elements throughout the 
several drawing figures. FIG. 3 provides a brief drawing of one embodiment of the present 
invention. This embodiment encompasses four different units, including a signal input unit 200, 
30 a frequency (IF) converting unit 300, a modulating/demodulating unit 400, and a signal sampling 
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unit 500. It should be understood that the present invention is not limited to these four units of 
this particular embodiment. 



SIGNAL INPUT UNIT 

5 

The signal input unit 200 is used for receiving or collecting radio frequency signals. Its 
primary function is to collect or generate radio frequency signals to be further converted or 
processed. As shown in FIG. 3, it may comprise a signal source 100, which generates a test 
signal and its reference signal. The signal input unit 200 may further comprise other elements. 

10 For example, for measuring radar cross section, the signal input unit 200 may comprise one 
antenna that collects and transmits signals. For testing antennas, the signal input unit 200 may 
comprise one or multiple antennas. For testing an electronic device, the signal input unit 200 
may simply refer to the cable that transmits signals for further processing. It should be 
emphasized that the selection of different elements for the signal input unit 200 often depends 

1 5 upon how the present invention is going to be applied. 

FREQUENCY CONVERTING UNIT 

The next component of this particular embodiment is a frequency converting unit 300, as 
20 shown in FIG. 3. It converts high frequency signals to intermediate frequency signals. FIG. 4 
describes one example of such a device. 

The frequency converting unit 300 generally comprises two separate signal channels. 
One is a test signal channel and the other is the reference signal channel. At this stage, the two 
signal channels are usually separate but remain coherent. 
25 The test signal channel often comprises a first microwave amplifier 310. Its primary 

function is to increase weak signals. The use of such a microwave amplifier should not affect a 
signal's phase and frequency information. Conventional microwave amplifier may be used. The 
selection of this microwave amplifier 310 usually depends upon a signal's frequency range. 

This microwave amplifier 310 first receives a test signal (F0.TEST), collected or 
30 transmitted from the signal input unit 200. In turn, it provides an output signal (F0.TEST1), 



-7- 

which should retain the test signal's phase and frequency information. Such an output signal 
(F0.TEST1) may generally be represented by the following equation (1) 



Utestl(t) = Utestl COS (ffl 0 t + Cptest) (1) 

5 

wherein u test i(t) refers to the output signal (F0.TEST1) from the first microwave amplifier 310; 
Utesti refers to its amplitude which should be responsive to that of the test signal (FO.TEST); coo 
is the signal's radian frequency, also known as 27iF0, wherein F0 is the signal's frequency; and 
cptest refers to the signal's phase which should be equivalent to that of the test signal (FO.TEST). 
10 Similarly, the reference signal channel also comprises a microwave amplifier 320. 

Parallel to the amplifier 310, it receives a reference signal (FO.REF) from the signal input unit 
200 and provides an output signal (F0.REF1). The output signal (F0.REF1) may generally be 
represented by the following equation (2) 

1 5 U ref i (t) = U r efi COS <D 0 t (2) 

wherein u re n (t) refers to the output signal (FO.REF 1); U re fi is the reference signal's amplitude 
which should be responsive to that of the reference signal (FO.REF); and co 0 is the signal's radian 
frequency which may also be represented as 2tiF0, wherein F0 is the signal's frequency. 

20 In this embodiment, it is often desirable for the two microwave amplifiers 310 and 320 to 

be identical in order to maintain coherency between the test and reference signal channels. It 
should be further noted that the use of these two amplifiers 310, 320 may not be necessary if a 
test signal and its reference signal are strong enough for subsequent conversion. 

The frequency converting unit 300 further comprises a signal source, usually a local 

25 oscillator 330. Its primary function is to generate an offset signal with a frequency of F0+F1 to 
be used for frequency conversion. Conventional local oscillators without PLLs should be 
adequate even though other similar devices, including digital frequency synthesizers, may also 
be used. 

An offset signal so generated may comprise a high frequency component (F0) and an 
30 intermediate frequency component (Fl). F0 generally refers to a test signal's frequency as 



mentioned above, 
equation (3): 
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Such an offset signal (F0+F1) may generally be represented by the following 



UL0(t) = U L o COS [((Do + ©l) t + (p L0 ] (3) 

5 

wherein ULo(t) refers to the offset signal (F0+F1) generated by the local oscillator 330; Ulo 
refers to the signal's amplitude; ©o refers to the signal's radiant frequency, also known as 27tF0, 
wherein F0 refers to the test signal's frequency (FO.TEST), as provided in equation (1); ©i refers 
to the signal's intermediate radiant frequency as determined by 2tiF1, wherein Fl is an 

1 0 intermediate frequency value; cpLO refers to the signal's phase. 

Fl may be any intermediate frequency value that is optimal or within a reasonable range. 
One embodiment of the present invention uses Fl between 50 - 200 MHz. But it should be 
understood that other intermediate frequency values may also be used as F 1 . This intermediate 
frequency value (Fl) may be adjusted according to a test signal's frequency (F0). 

15 In addition, it should also be mentioned that the selection of an offset signal's frequency 

may not be limited to F0+F1. In other embodiments of the present invention, an offset signal 
with a frequency of F0-F1 may also be used to have the same effect. Furthermore, it is also 
common for a test signal, instead of the offset signal, to have two frequency components of F0 
and Fl. Under these situations, the offset signal generated by the local oscillator 330 may have 

20 one frequency component of F0, instead of F0 and F 1 . 

The offset signal (F0+F1) generated by the local oscillator 330 is then split and equally 
transmitted to the test signal and reference signal channels. A power splitter, or other similar 
devices, may be use to evenly distribute this offset signal to the two signal channels. 

This test signal channel further comprises a mixer 312. The offset signal (F0+F1) 

25 generated by the local oscillator 330 is transmitted to the mixer 312 as a first input signal. The 
mixer 312 also receives a second input signal (F0.TEST1), which is transmitted from the 
amplifier 310 and represented by the equation (1). 

The combination of the test signal (F0.TEST1) and the offset signal (F0+F1) generally 
leads to a signal with two frequency components of either Fl or F0+2F1. Such a mixed signal is 

30 then filtered through a low pass band filter. The primary function of such a low pass band filter 
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is to filter out the higher frequency component and only provides an output signal (F1.TEST1) 
with the frequency component of Fl. 

As a result, the microwave mixer 312 provides an output signal (F1.TEST1), as 
represented by the following equation (4): 

5 

Utest2(t) = U tes t2 COS (CE>i t - 9 test + CpLo) (4) 



wherein u test 2(t) refers to the output signal (FLTEST1), U tes t2 refers to the signal's amplitude and 
is linear to the test signal's amplitude (U tes ti) ; both coi and <p tomay be determined by the above 
1 0 equation (3); and q> tes t is the test signal's phase as determined by equation (1). 

Similarly, the reference signal channel also comprises a mixer 314, which receives the 
offset signal (F1+F2) generated by the local oscillator 330 and the reference signal (F0.REF1) 
transmitted from the amplifier 320. It then provides an output signal (FLREF1), as represented 
by the following equation (5): 

15 

U re f2(t) = U re f2 COS (CO i t + (p L0 ) (5) 



wherein u re f2(t) refers to the output signal (F1.REF1) from the mixer 314; U re f2 refers to the 
signal's amplitude and is linear to that of the reference signal (U re fi); coi and <p lo may be 

20 similarly determined by the above equation (3). 

To maintain the coherency between the two signal channels, it is often helpful for the two 
mixers 312, 314 to be identical. Conventional microwave mixers with low pass band filters, or 
other similar devices, should be applicable. Meanwhile, it should be noted that the selection of 
the mixers 312, 314 usually depends upon a test signal's frequency range. For high frequency 

25 signals, harmonic mixers may be desirable. Other microwave mixers without band filters may 
also be used with the addition of low pass band filters or other types of band filters. 

At an optimal amplitude, the two signals (FLTEST1 and F1.REF1) provided by the two 
mixers 312, 314 may then be transmitted to the modulating/demodulating unit 400 for further 
processing. Sometimes, it may be desirable for the two signals to undergo additional 

30 amplification using two intermediate frequency amplifiers (IF amplifiers). 
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As shown in FIG. 4, the frequency converting unit 300 may further comprise two IF 
amplifiers 316, 318 in the test and reference signal channels, respectively. They receive the 
signals (FLTEST1 and F1.REF1) provided by the mixers 312 and 314, amplify them to an 
optimal level, and then provide two output signals (F1.TEST2 and FLTEST2). The two output 
5 signals (F1.TEST2 and F1.TEST2) should retain the phase and frequency information, and their 
amplitudes shall remain linear to that of the original test or reference signals (FO.TEST and 
FO.REF), respectively. 

In alternative or in addition to IF amplifiers, automatic gaining circuits (AGCs) may also 
be used to adjust a signal's amplitude. Their primary function is to provide stable output signals 

10 at an optimal level. Most conventional AGCs may be used in the present invention. 

Shown in FIG. 5 is one example of such an AGC. It first comprises an IF amplifier 910, 
which receives an input signal and provides an amplified signal. This amplified signal is then 
transmitted to an attenuator 920. Upon receiving another signal which serves as a feedback 
signal and is derived from the final output signal, the attenuator 920 generates a signal which is 

15 further amplified by a second IF amplifier 930. This amplified signal by the second IF amplifier 
930 is the final output signal. Meanwhile, the final output signal also serves as the feedback 
signal for any adjustment. It is first transmitted to a check circuit 940 for its amplitude and then 
to an AGC 950 for adjustment. After the adjustment, the signal is then transmitted back to the 
attenuator 920 as the feedback signal. 

20 Finally, it should be understood that the frequency converting unit 300 hereby described 

is just part of one embodiment of the present invention. Depending upon a test signal's 
frequency and amplitude, part or the entire frequency converting unit 300 may be optional. It 
should be further understood that other devices or apparatus with similar functions may also be 
used for the practice of the present invention. 

25 

MODULATING/DEMODULATING UNIT 

FIG. 6 shows one embodiment of the modulating/demodulating unit 400 of the present 
invention. Its primary function is to combine a test signal, its reference signal, and a third signal 
30 with a predetermined frequency to provide a new signal. The new signal's frequency is solely 
responsive to the predetermined frequency of the third signal and its phase is responsive to that 
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of the test signal. The test signal refers to the signal (F1.TEST2) provided by the frequency 
converting unit 300, and the reference signal refers to the signal (F1.REF2) also provided by the 
frequency converting unit 300. 

The modulating/demodulating unit 400 first comprises a signal source, usually a crystal- 
5 stabilized oscillator 440, which generates a third signal (F2.CRY) with a predetermined 
frequency (F2). Such a signal (F2.CRY) may be represented by the following equation (6): 



10 Wherein u cry (t) refers to the third signal (F2.CRY); U cry refers to the signal's amplitude; 02 refers 
to the signal's radiant frequency, also known as 27rF2 ? wherein F2 is the signal's predetermined 
frequency; cp cry refers to the signal's phase. 

Depending upon a test signal's approximate frequency range, F2 may be a predetermined 
frequency value. For example, for a test signal with an intermediate frequency of approximate 

15 100 MHz, F2 may be predetermined to be a frequency between 5 - 20 KHz. As long as a test 
signal's frequency remains within a reasonable range, F2 may be the same predetermined 
frequency. However, it should be understood that this frequency of F2 may also be adjusted if a 
test signal's approximate frequency range changes significantly. It should be further understood 
that the frequency range of F2 provided above is just one example, and the present invention 

20 shall not be limited to this frequency range. 

The signal (F2.CRY) so generated is transmitted to a first multiplier Ql 410, as shown in 
FIG. 6. In addition, the first multiplier Ql 410 also receives a test signal (F1.TEST2), provided 
by the frequency converting unit 300. As a result, the multiplier 410 combines these two signals 
and provides an output signal (F1+F2/F1-F2). This output signal usually include two frequency 

25 components at F1+F2 and F1-F2. Such an output signal (F1+F2/F1-F2) may be generally 
represented by the following equation (7): 



Ucry(t) = U cry COS (C0 2 t + (p cry ) 



(6) 



UF1+F2/Fl-F2(t) = U F 1+F2/F1-F2 COS [(C0j + (0 2 ) t - Cp test + q>LO+ 9cry] 
+ U F1+F2/F1-F2 COS [(©i - ©2 ) t - <p test + <pLO " 9cry] 



■(7) 



30 
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wherein u F i+F2/Fi-F2(t) refers to the output signal (F1+F2/F1-F2); U fi+f2/fi-f2 refers to the signal's 
amplitude and is responsive to both U cry and U tes ti as determined by the equations (6) and (1), 
respectively; and the other values may be incorporated from equations (4) and (6). 

This output signal (F1+F2/F1-F2) is then divided and respectively transmitted to a second 
5 multiplier Q2 420 and a third multiplier Q3 430. It is often helpful for the output signal 
(F1+F2/F1-F2) to be equally transmitted to the two multiplier, Q2 and Q3. As a result, a power 
splitter, or other similar devices, may be used to evenly distribute the output signal (F1+F2/F1- 
F2) to the two multipliers. But it should be emphasized that the use of such a power splitter 
should not affect the output signal's phase and frequency. 

10 . Similarly, the reference signal (F1.REF2) is also evenly divided into two branches. 

Again, the use of a power splitter may also be helpful. The first branch of the reference signal is 
transmitted through a 90 degree phase shifter 421. Its primary function is to shift the signal's 
phase 90 degree without changing its frequency and amplitude. As a result, the 90 degree phase 
shifter 421 provides an output signal (F1.REF3), which may be represented by the following 

15 equation (8): 

Urefi(t) = U ref3 sin (coi t + <plo) (8) 

wherein u re f3(t) refers to the output signal (F1.REF3); U re f3 refers to the signal's amplitude that is 
20 derived from the reference signal (Fl.REF2)'s amplitude (U ref2 ) presented in the equation (5); 

and the other values may be similarly incorporated from the equation (5), as provided above. 

Meanwhile, the second branch of the reference signal (FLREF2) is transmitted to a third 

multiplier Q3 430. As mentioned above, this third multiplier (Q3) 430 also receives the output 

signal (F1+F2/F1-F2), generated by the first multiplier Ql 410. The combination of these two 
25 signals gives rise to a combined signal with two frequency components. Such a signal may be 

represented by the following equation (9): 

U t est4'(t) = U m] COS [(CO] + C0 2 )t - 9 test + (p L0 + Cpcry] COS (CO i t + Cp L0 ) 

+ U m i COS [(0)i-C0 2 )t-(ptest + CpLO-9cry] COS (0) i t + (p L0 ) ....(9) 



30 
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wherein Ut e st4' (t) refers to this combined signal; U m i refers to the signal's amplitude which is 
responsive to U fi+f2/fi-f2 and U re f2 from the equations (7) and (5), respectively; and the other 
values may be incorporated from the equations (7) and (5), as provided above. This combined 
signal then goes through a low pass band filter and gives rise to an output signal (F2.SUB.3) as 
5 represented by the following equation (10): 



10 wherein u tes t4(t) refers to the output signal (F2.SUB.3); and the other values may be incorporated 
from the above equation (9). 

Similarly, the second amplifier Q2 420 also receives two signals. One is the signal 
(F1.REF3), provided by the first 90 degree phase shifter 421, and the other is the signal 
(F1+F2/F1-F2), generated by the first multiplier Ql 410. Similarly, the combination of these 

1 5 two signals gives rise to a signal which may be represented by the following equation (11): 



20 wherein u test 3' (t) refers to the combined signal; U m2 refers to the signal's amplitude and is 
responsive to U fi-hf2/fi-F2 and U re f2 from the equations (7) and (5), respectively; and the other 
values may be incorporated from the above equations (5) and (7). This signal then goes through 
a low pass band filter, which in turn provides an output signal (F2.SUB.1). Such an output 
signal (F2.SUB.1) may generally be represented by the following equation: 



Utest4(t) = l /2 U m i COS (C0 2 t - <p test + <Pcry) 
+ 14 U m i COS (C0 2 t + <p test + <pcry) 



(10) 



Utest3'(t) = U m2 COS [(©J + C0 2 )t - (p test + CpLO + Cpcry] Sin (CO i t + (p L0 ) 
+ U m2 COS [(CD i - C0 2 )t - 9 test + <pLO " 9cry] sin (o>i t + Cp L0 ). . 



(11) 



25 



Utest3(t) = -V2 U m2 Sin (0) 2 t - 9 test + Cpcry) 

+ !4 U m2 sin (co 2 t + (p test + (p cr y) 



(12) 



30 



Wherein u tes t3 refers to the output signal (F2.SUB.1); and the other values may be incorporated 
from the above equation (11). 
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It should be noted that the drawing presented in FIG. 6 does not explicitly indicate the 
use of a low pass band filter. But it should be understood that the multipliers Q2 and Q3 420, 
430 herein used should contain such low pass band filters or similar devices. Of course, other 
conventional multipliers without such filters may also be used with the addition of low pass band 
5 filters or other types of band filters. 

The output signal (F2.SUB.1) generated by the second multiplier Q2 420 is then 
transmitted to a second 90 degree phase shifter 425. Similar to the first 90 degree phase shifter 
421, its function is to shift a signal's phase for 90 degree without affecting its phase or amplitude 
information. It in turn provides an output signal (F2.SUB.2), which may be represented by the 
1 0 following equation (1 3): 

UtestsCt) = V% U m2 cos (co 2 t - q> test + (p cry ) 

" Vi U m2 COS (C0 2 t + (p test + 9cry) (13) 

15 wherein u tes t5(t) refers to the output signal (F2.SUB.2); and the rest values may be incorporated 

from the equation (12). 

The two output signals, (F2.SUB.2) and (F2.SUB.3) are then respectively transmitted to 

two amplifiers 422, 432. One primary function of these two amplifiers is to make sure that the 

two output signals, (F2.SUB.2 and F2.SUB.3), have the same optimal amplitude before they are 
20 added together in an adder 450. In addition, they may also be used to amplify weak signals for 

further processing. But it should be understood that the use of these two amplifiers may be 

optional if the two signals (F2.SUB.2 and F2.SUB.3) have the same optimal amplitude. 

The selection of amplifiers 422, 432 generally depends upon a signal's frequency range, 

which in this case is the predetermined frequency of F2. For low frequency signals with a 
25 frequency between 5 - 20 KHz, conventional audio amplifiers should be adequate. It should be 

noted that the use of these amplifiers should not affect the signals' phase and frequency 

information. 

In addition, other devices such as AGCs may also be used. For example, an AGC may be 
used to receive the output signal (F2.SUB.3) generated by the third multiplier Q3 430 before 
30 they are transmitted to the adder 450. An AGC may provide a stable output signal and make 
sure the two signals (F2.SUB.2 and F2.SUB.3) maintain the same amplitude. 
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The output signals from these two amplifiers 422, 433 are then similarly transmitted to an 
adder 450, which adds the two signals together without altering their frequency and phase. The 
adder 450 may include both conventional adders and other device that functions similarly. As a 
result of this addition, the adder 450 provides a new signal (F2.TEST), which may be represented 
5 by the following equation (14): 

Utest6(t) = U m COS (C0 2 t - <p test + 9cry) (14) 

wherein u tes t6(t) refers to the new signal (F2.TEST); U m refers to the signal's amplitude and is 
10 usually responsive to either U m 2 or U m i; the other values may be similarly incorporated from the 
above equation (13). This output signal (F2.TEST) is then transmitted to the next unit, the signal 
processing unit 500. 

It should be noted from the above equation (14) that the new signal's (F2.TEST) 
frequency is solely responsive to the third signal (F2.CRY) generated by the crystal-stabilized 
1 5 oscillator 440, and its phase is responsive to that of the test signal (Fl .TEST2). In addition, the 
new signal's amplitude (U m ) could also be responsive or be linear to that of the test signal 
(F1.TEST2). 

SIGNAL PROCESSING UNIT 

20 

The new signal (F2.TEST) generated by the modulating/demodulating unit 400 is then 
transmitted to a signal processing unit 500. Similarly transmitted to this unit is the third signal 
(F2.CRY) which serves as a new reference signal for the new signal (F2.TEST). The signal 
processing unit 500 measures or detects signals including their phase and amplitude information. 

25 By way of background, the signal processing unit 500 may include a computer or monitor for 
signal display, speakers for audio signals, and an A/D processor for converting a signal into a 
digital signal. It should be understood that different methods or apparatus may be employed 
depending upon different appliances of the present invention. 

Finally, the present invention should not be limited to the particular embodiment as 

30 described above. Other embodiments may be easily achieved by modifying or rearranging 
certain components, especially the two 90 degree phase shifters 421, 425, in the 
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modulating/demodulating unit 400. Another embodiment of the present invention may include a 
rearrangement of the second 90 degree phase shifter 425. Instead of receiving the signal 
(F2.SUB.1) from the second multiplier 420, it may be used to phase shift the signal (F2.SUB.3) 
from the third multiplier 430. As a result, the two phase shifters 421, 425 are not on the same 
5 signal channel while the other components remain the same. This arrangement should not affect 
the appliance of the present invention. 

Another example is to shift the position of the first 90 degree phase shifter 421. Instead 
of phase shifting the reference signal (FLREF2), it may be used to phase shift one branch of the 
output signal (F1+F2/F1-F2) generated by the first multiplier Ql 410. This phase-shifted signal 
10 is then combined with a reference signal in either the second multiplier Q2 420 or the third 
multiplier Q3 430. With other components remaining the same, this arrangement may also be 
applied in the present invention. Finally, it must be understood that present invention may not be 
limited to the use of the specific components described above. Other devices or apparatus that 
have the same or similar function should be equally applicable. 

15 
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1 WHAT IS CLAIMED IS: 

2 1 . A method using an electronic circuit comprising: 

3 combining a radio frequency (RF) signal, its reference signal, and a third signal which 

4 has a predetermined frequency to provide a new signal, wherein the new signal's 

5 frequency is solely responsive to the predetermined frequency of the third signal 

6 and the new signal's phase is responsive to that of the RF signal. 

7 2. A method as described in claim 1 further comprising: 

8 generating the third signal using a crystal-stabilized oscillator. 

9 3. A method as described in claim 1 further comprising 

10 converting the RF signal and its reference signal to an intermediate frequency. 

11 4. A method as described in claim 1 further comprising 

12 converting the new signal to an signal selected from the group consisting of an audio, 

13 video, digital and analog signal. 

14 5. A method as described in claim 1 further comprising 

1 5 transmitting the RF signal using an electronic conductor selected from the group 

1 6 consisting of antenna and cable. 

17 6. A method using an electronic circuit to convert a radio frequency (RF) signal comprising 

1 8 combining the RF signal and another signal, which has a predetermined frequency, to 

19 provide at least one output signal; 

20 combining the output signal with the RF signal's reference signal to provide two new 

21 output signals; 

22 combining the two new output signals to provide a new signal whose frequency is 

23 solely responsive to the predetermined frequency and whose phase is responsive 

24 to that of the RF signal. 

25 7. A method as described in claim 6 further comprising 

26 generating the signal which has the predetermined frequency using a crystal-stabilized 

27 oscillator. 
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1 8. A method as described in claims 6 further comprising 

2 converting the RF signal and its reference signal into an intermediate frequency. 

3 9. A method as described in claims 6 further comprising 

4 converting the new signal to an signal selected from the group consisting of an audio, 

5 video, digital and analog signal. 

6 10. A method as described in claims 6 further comprising 

7 transmitting the RF signal using an electronic conductor selected from the group 

8 consisting of antenna and cable. 

9 11. An apparatus comprising a signal source, three multipliers, two 90 degree phase shifters, 

1 0 and an adder for converting a radio frequency (RF) signal to a new signal whose 

1 1 frequency is solely 

12 responsive to a predetermined signal frequency provided by the signal source and 

1 3 whose phase is responsive to that of the RF signal. 

14 12. An apparatus as described in claim 1 1 wherein 

1 5 the signal source is a crystal-stabilized oscillator. 

16 13. An apparatus as described in claim 1 1 further comprising 

1 7 at least one power splitter. 

18 14. An apparatus as described in claim 11 further comprising 

19 at least one signal amplifier. 

20 15. An apparatus as described in claim 11 further comprising 

2 1 at least one automatic gain circuit. 

22 16. An apparatus as described in claim 11 further comprising 

23 another apparatus for converting the RF signal to an intermediate frequency. 

24 17. An apparatus as described in claim 11 further comprising at least one harmonic mixer and 

25 one local oscillator. 
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1 18. An apparatus as described in claim 11 further comprising 

2 a device for converting the new signal to an signal selected from the group consisting of 

3 an audio, video, digital and analog signal. 

4 19. An apparatus for converting a radio frequency (RF) signal and its reference signal 

5 comprising 

6 a signal source for providing a signal with a predetermined frequency; 

7 a first multiplier for combining a signal responsive to the RF signal and another signal 

8 responsive to the signal generated by the signal source, and providing at least one 

9 output signal; 

1 0 a second multiplier for combining a signal responsive to the reference signal and 

1 1 another signal responsive to the output signal from the first multiplier, and 

12 providing an output signal; 

13 a first 90 degree phase shifter for receiving a signal responsive to the reference signal, 

1 4 and generating an output signal; 

1 5 a third multiplier for combining a signal responsive to the output signal from the first 

1 6 multiplier and a signal responsive to the output signal from the first 90 degree 

1 7 phase shifter, and providing an output signal; 

1 8 a second 90 degree phase shifter for receiving a signal responsive to a signal selected 

1 9 from the group consisting of the output signal from the second multiplier and the 

20 output signal from the third multiplier, and providing an output signal; and 

21 an adder for combining a signal responsive to the output signal from the second 

22 multiplier and another signal responsive to the output signal from the third 

23 multiplier, and providing a new signal. 

24 20. An apparatus as described in claim 19 wherein 

25 the signal source is a crystal-stabilized oscillator. 

26 21 . An apparatus as described in claim 19 further comprising 

27 at least one power splitter. 



28 
29 



22. An apparatus as described in claim 19 further comprising 
at least one signal amplifier. 
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1 

2 23. An apparatus as described in claim 19 further comprising 

3 at least one automatic gaining circuit. 

4 24 An apparatus as described in claim 19 further comprising 

5 a device for converting the RF signal and its reference signal to an intermediate 

6 frequency . 

7 25. An apparatus as described in claim 19 further comprising 

8 a device for converting the new signal to an signal selected from the group consisting of 

9 an audio, video, digital and analog signal. 

10 26. An apparatus for converting a radio frequency (RF) signal and its reference signal 

1 1 comprising 

1 2 a signal source for providing a signal with a predetermined frequency; 

13 a first multiplier for combining a signal responsive to the RF signal and another signal 

14 responsive to the signal generated by the signal source, and providing at least one 

15 output signal; 

1 6 a second multiplier for combining a signal responsive to the reference signal and 

1 7 another signal responsive to the output signal from the first multiplier, and 

1 8 providing an output signal; 

19 a first 90 degree phase shifter for receiving a signal responsive to the output signal from 

20 the first multiplier, and generating an output signal; 

21 a third multiplier for combining a signal responsive to the reference signal and another 

22 signal responsive to the output signal from the first 90 degree phase shifter, and 

23 providing an output signal; 

24 a second 90 degree phase shifter for receiving a signal responsive to a signal selected 

25 from the group consisting of the output signal from the second multiplier and the 

26 output signal from the third multiplier, and providing an output signal; and 

27 an adder for combining a signal responsive to the output signal from the second 

28 multiplier and another signal responsive to the output signal from the third 

29 multiplier, and providing a new signal. 
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1 27. An apparatus as described in claim 26 wherein 

2 the signal source is a crystal-stabilized oscillator. 

3 28. An apparatus as described in claim 26 further comprising 

4 at least one power splitter. 

5 29. An apparatus as described in claim 26 further comprising 

6 at least one signal amplifier. 

7 30. An apparatus as described in claim 26 further comprising 

8 at least one automatic gaining circuit. 

9 31. An apparatus as described in claim 26 further comprising 

10 an apparatus for converting the RF signal and its reference signal to an intermediate 

1 1 frequency. 

12 32. An apparatus as described in claim 26 further comprising 



13 
14 



a device for converting the new signal to an signal selected from the group consisting of 
an audio, video, digital and analog signal. 
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Abstract 

The present invention relates to a method and apparatus for receiving or converting a 
radio frequency signal. In particular, the present invention relates to a method and apparatus 
using an electronic circuit to combine a radio frequency signal, also known as a test signal, its 
5 reference signal and a third signal which has its predetermined frequency. The combination of 
these three signals gives rise to a new signal. The new signal has a frequency that is solely 
responsive to the predetermined frequency of the third signal It also has phase information that 
is responsive to that of the test signal. In addition, the new signal may also have amplitude 
information that is responsive to that of the test signal. 
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